HERE are approximately forty reports in the literature on the effectiveness of the electric toothbrush. These reports show that a wide variety of patients, 2,9,14,17,20,23 methods, 3,4,6,8,10,15,23,25 and criteria 3,5,7,11,13,16,19,24 for evaluating the effectiveness of electric brushes have been used. However, only one of the more objective studies 22 has used multiple criteria of effectiveness and provided for standardization of the errors in scoring the criteria. From the standpoint of the periodontist who depends greatly on the role of the toothbrush for maintenance of oral hygiene, studies using periodontal maintenance subjects are more likely to be of interest than studies utilizing other types of patients.
scoring indices for plaque and gingivitis having a range from 0 to 3, initial plaque scores for all subjects varied from 0.75 to 1.92 and from 0.3 3 to 1.67 for gingivitis. With a periodontal index having a range of 0 to 6, the periodontal index score varied from 2.42 to 5.2 5 for all subjects.
Scoring Indices. The Ramf jord indices 18 as modified by Smith and Ash 22 were used to score plaque, gingivitis, calculus, and the periodontal disease index of six representative teeth. 12, 21 The modifications consisted primarily of scoring these criteria on the facial and lingual surfaces. The six teeth used in scoring were: Gingivitis. Findings for gingivitis were recorded as:
Absence of gingival inflammation and changes. 28. Prefabricated cotton applicators were used to apply the disclosing solution. The patient was then instructed to rinse his mouth two times with a cup of water. By visual examination scores were recorded on a chart with each tooth being scored in the same sequence each time the mouth was examined. Gingivitis Scores. The gingiva around each tooth was dried with compressed air. The marginal and attached gingiva were observed and scored for alterations from health in color, form, d ensity, and bleeding tendency. 18 Calculus Scores. The recording of calcu lus was based on its presence visually and/or by probing subgingivally with a periodontal probe.
Periodontal Scores. Instruments used in recording scores were a mouth mirror and a University of Michigan No. 0 period ontal probe marked at 3, 6, and 8 millimeters.
The probe was kept in contact with the tooth surface and passed apically with a minimum amount of force until the crevice or pocket depth was reached . Measurements were record ed for the depth of the gingival sulcus and periodontal pockets in relation to the cemento-enamel junction. Measure ments were round ed to the nearest milli meter with estimates at half millimeter be ing round ed to the lower whole number. 12 Measurements were taken with the probe parallel to the long axis of the tooth on each facial and lingual surface at the mesial, mid-facial or mid-lingual and distal area of each tooth.
CALIBRATION O F SCORING
Of consid erable importance in any study is the ability to reprod uce the method of scoring with a known minimum error. In a toothbrush study, control of the accuracy of the scoring criteria becomes increasingly important, especially with the small d iffer ences that may be present in plaque and gingivitis scores. 1 An analysis of the reproducibility of the scoring method showed that the examiner's average d eviation for plaque score was ± 0.028, for gingivitis ± 0.072, for calcu lus 0.0, for periodontal scores ± 0.024, and for crevice depth ± 0.086.
FORMATION O F GROUPS
In forming comparable groups for this study initial plaque, gingivitis, periodontal disease, and crevice depth were scored on all subjects. A prophylaxis was given to all subjects. Scores for all categories were taken again 5-7 d ays after prophylaxis. Means and standard d eviation were calcu lated for all initial and 5-7 d ay scores as patients were placed in groups until equiva lent groups were formed . Subjects were not matched score for score, and groups cannot be consid ered as matched pairs for statisti cal evaluations. Thus, this stud y utilized groups matched for means and standard de viation rather than matched pairs.
An analysis of the means for Groups I and II before and after prophylaxis is given in Table 1 . There were no significant statis tical d ifferences between the groups for plaque, gingivitis, period ontal disease index and crevice d epth. In forming the groups, consideration also was given to age and sex so that the two groups would be com parable in this respect as well as with the other scores. Group I consisted of 39 indi viduals: 18 males and 21 females whose age range was from 22 years to 70 years with the mean age being 41.3 years. Group II consisted of 37 individuals: 17 males and 20 females whose age range was from 21 years to 73 years with the mean age being 45.5 years.
TYPES O F BRUSHES
Two types of brushes were used in this study. The high speed reciprocating action brush* has an amplitude of 3/16 inch and a speed of approximately 2,000 strokes per minute. It consists of a battery-powered handle, a charger unit, and a brush. The brush has four rows of nylon bristles 7/16 inch long. There are seven tufts to each row and approximately 15 bristles to each tuft. The width of the bristle area is ¾ inch long and ⅜ inch wid e with the bristle diameter being 0.012 inch.
The Lactona No. 12 hand toothbrush* has a solid hand le and two rows of six tufts containing hard natural bristles with a "Supplied by the General Electric Co mpany. straight cut design. This brush was chosen since it is one type recommended to patients at the University of Michigan in their oral hygiene program and since a natural brush is one of the more commonly used brushes.
TOOTHBRUSHING INSTRUCTIONS
At the beginning of the study and again at 60 days from the beginning of the study when the brushes were switched, all patients were instructed in the desired method of use for each brush. The patient then demonstrated his ability to follow this technic.
Patients instructed in the roll method of brushing were told to place the sides of the bristles on the attached gingiva with the bristles parallel to the long axis of the teeth. The bristles should be pressed momentarily against the attached and marginal gingiva causing a blanching of the tissue. The brush was then moved occlusalward over the gingiva and the tooth by rolling the wrist. Following this method, the bristles sweep down on the maxillary teeth and up on the mandibular teeth. This rolling motion was to be carried out several times in each area of the mouth until the entire mouth, buccal and lingual, was systematically covered.
Instructions with the automatic brush were also given. The patient was told to place the brush at right angles to the long axis of the teeth at the level of the marginal gingiva. The brush was then started and moved a few millimeters vertically covering the attached gingiva and the facial and lingual or palatal surfaces of the teeth. At the same time it was moved horizontally until the entire arch and mouth was systematically brushed. In the maxillary anterior palatal area and the mandibular anterior lingual area, the patients were instructed to hold the brush parallel with the long axis of the teeth so that the movement of the brush head was in a vertical manner rather than in a horizontal manner. This placement was thought to provide greater access due to the constriction caused by the curvature of the arch in the anterior area of the mouth.
Patients were allowed to continue to use any accessory aids they normally used in their oral hygiene program but were told to use these aids with both the standard design and the electric toothbrush. No attempt was made to control the number of times the patient brushed his teeth at any time in the study with either brush. 
CLINICAL PROCEDURES
At the beginning of the study all patients were scored for initial scores in plaque, gingivitis, periodontal disease index, and crevice depth. A complete prophylaxis was given. At 5-7 days following the prophylaxis, scoring in all categories was again done. The removal of all dental plaque and calculus caused a significant reduction in the gingivitis score. However, periodontal disease scores or crevice depth were not significantly altered (Table 1) . Using these scores, initial and 5-7 day scores, formation of groups for study was possible.
After the patients were assigned to groups, each patient in Group I was given two Lactona hard natural bristle toothbrushes and toothbrushing instructions. After the instructions, patients were requested to demonstrate their ability to perform the technic of brushing. Subjects also were instructed to use no brush except those provided and to alternate the brushes at each brushing. At the end of 30 days the old brushes were discarded and each of the patients was given two new Lactona brushes and told to follow the same brushing technic for the second 30 day period as they had followed during the first 30 days.
Patients assigned initially to Group II were given an automatic toothbrush with three interchangeable nylon bristle heads. They also were instructed in a method of use for the automatic brush and then demonstrated this method. They also were told to use only the automatic brush and to alternate the brushes. Similarly at 30 days this group was furnished with three new replacement brushes and told to continue in a similar manner for the second 30 days.
After 60 days' use of the brushes, both groups were scored for all categories: calculus, plaque, gingivitis, periodontal scores, and crevice depth. Each patient then received a complete prophylaxis. The automatic toothbrushes were collected from Group II and stored; the hand brushes used by Group I were discarded. Group I changed to the automatic brush, and Group II was given the Lactona hard natural bristle hand brushes. New instructions were given to all participants in the desired method of brushing. New toothbrushes or new replaceable heads were supplied to both groups at 30 days from the time the change of brushes occurred. At 60 days from the time the brushes were switched, or at 120 days from the beginning of the study, the final scoring was done.
STATISTICAL ANALYSIS OF DATA
Scores from this study were statistically evaluated to analyze between group and within group differences. The means of the plaque scores of the two groups were used as an indication of the effectiveness of the brushes in preventing or removing dental plaque from the teeth. The means of the gingivitis and periodontal scores were used as an indication of the effect of the brushes on the periodontium. The means of the calculus scores indicated the effectiveness of the brushes in preventing or altering the formation of calculus. Means of the measurements of the gingival crevice and periodontal pocket depths note the effectiveness of the brushes at altering gingival crevice or pocket depth. A comparison of the mean calculus, plaque, gingivitis, and periodontal scores between Group I and Group II would indicate the relative effectiveness of the automatic brush and the hand brush. The "t" test was used to analyze the differences within and between the groups.
RESULTS
The statistical analysis of the means of the scores for the groups showed there was no statistically significant difference at the 0.01 level of confidence between the means for Group I and Group II for plaque, gingivitis, calculus, periodontal disease index, and the depth of the gingival crevice at any time during the investigation ( Table  2 ).
In Group I there was no statistically significant difference at the 0.01 level of confidence within the group at any time period for plaque, calculus, periodontal disease index, or crevice depth. There was a statistically significant reduction in gingivitis in Group I during the first 60 day period of the study while using the manual brush and in the second 60 day period while using the automatic brush.
In Group II there was no statistically significant difference at the 0.01 level of confidence within the group at any time period for plaque, calculus, or periodontal disease index. There was a significant reduction at the 0.01 level of confidence in gingivitis during the first 60 day period while using the automatic brush, but not during the second 60 day period while using the manual brush. In Group II there was no significant difference in the mean for crevice depth during the first 60 days of the study. However, during the second 60 days while using the manual brush there was a significant reduction in crevice depth for this group.
DISCUSSION
The reduction in gingivitis occurring in Group I and in Group II during the first 60 day period can be attributed to several factors, the most important probably being related to receiving a prophylaxis at the beginning of this period. Another factor favorable for both groups may have been the enthusiasm of being included in a toothbrush study. Patients in Group I, who started on the hand brush, were told they would be given an electric brush at the end of the first 60 days. This could have generated some enthusiasm for carrying out the recommended oral hygiene procedures during the first 60 day period. Patients in Group II who started on the electric brush must have been affected in their cleaning procedures by the novelty effect of a new electric brush. This effect has not been adequately evaluated; however, it is felt to play an important part in brush effectiveness in a study of this nature.
In the second 60 day period there was a significant reduction in gingivitis at the 0.01 level of confidence in Group I who used the electric brush but not in Group II who used the manual brush. This reduction also may be explained by several factors. Enthusiasm for the study may have played a part here, but in favor of the group using the electric brush. Group II who had used the hand brush during the second 60 day period may have found the change to this brush to be somewhat of an anticlimax or likened to a return to the old way of brushing, and therefore a relaxation in carrying out the recommended oral hygiene procedures resulted. Group I patients, who received an electric brush, continued to be enthused about the study and the novelty of having an electric brush. These differences could have affected the mean results in the final analysis of the figures.
In addition to this, it is felt that the significant difference noted could have been due to chance and/or the scoring error of the investigator. The mean reduction in gingivitis was 0.178 units for the group using the electric brush. This reduction approximates the calculated scoring error for scoring gingivitis which was found to be ± 0.072.
Statistical evaluation of alteration of gingival crevice depth shows there was no statistically significant reduction in either group during the first 60 days of the study. However, during the second 60 days, there was a statistically significant reduction at the 0.01 level of confidence in the group using the manual toothbrush, while there was no significant reduction in crevice depth in the group using the electric brush during the second 60 days. This reduction could also be due to chance and/or to the errors in scoring. The mean reduction in crevice depth in the group using the manual brush was 0.177 millimeters. This reduction also approximates the scoring error for measurement of crevice depth which was ± 0.086.
Two additional facts suggest that the differences in gingivitis and crevice depth were due to chance and/or experimental error: (1) there were no significant differences in plaque, calculus, and periodontal disease indices during the first and second 60 day periods, and (2) there were no differences in reduction of gingivitis or crevice depth during the first 60 days of the study. Furthermore, if such small reductions are real, they are of questionable biologic significance.
Finally, acceptance of the differences as real would mean that one brush is better for reduction of gingivitis than the other, and one brush is better than the other for reduction of crevice depth. Because of the close relationship of crevice depth and gingivitis, one might expect a closer correlation than suggested by the differences in reduction of gingivitis and crevice depth observed in the second 60 day period of this study.
SUMMARY
A comparison of the effects of a short stroke reciprocating action automatic toothbrush and a hard natural bristle manually operated toothbrush (Lactona) was made on 76 patients for a period of 120 days. A study was made of dental plaque, gingivitis, periodontal disease indices, calculus, and the depth of the gingival crevice. Two comparable groups, one consisting of 39 individuals and another of 37 individuals, were formed initially by determination of plaque, gingivitis, periodontal disease index, and gingival crevice depth. One group started on the automatic toothbrush and the other group started on the manually operated toothbrush (Lactona). Plaque, gingivitis, periodontal and calculus scores, and gingival crevice depths were obtained at 60 days and 120 days. The type of brush used by each group was switched at 60 days. A statistical evaluation was made for between group scores at 0, 60, and 120 days, and for within group scores for 0-60 and 60-120 days.
CONCLUSION
Within the limits of the study the following conclusions are made: the automatic toothbrush and the hard natural bristle toothbrush are ( 1 ) equally effective in the prevention of plaque and calculus, and (2) have an equal effect on gingivitis, periodontal disease index, and the depth of the gingival crevice. 
